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restrain  the  hook  cable  of  the  airfield  arresting  gear  above  the  runway  sur- 
face for  the  engagement  of  hook-equipped  aircraft;  and  to  lower  and  retain 
the  hook  cable  below  the  runway  surface  for  those  aircraft  which  require  a 
clear  runway.  When  in  battery  position,  or  when  lowered,  the  hook  cable  is 
installed  in  rubber  support  blocks  each  of  which  is  mounted  on  a spring-loaded 

pneumatically-actuated  support  arm  contained  within  a metal  box  on  the  runway. 
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The  boxes  are  located  eight  feet  apart  along  the  trough  which  accepts  the  lowered 
hook  cable.  The  extreme  low  temperature  which  exists  at  the  Air  Force  BAK-14 
installation  at  Galena,  Alaska /'caused  the  normally  pliable  rubber  support 
blocks  to  become  brittle  and  fracture  when  the  hook  cable  was  extracted  by 
the  arrested  aircraft;  the  support-arm  latch  mechanism  within  the  boxes  was 
also  damaged  and  disabled.  The  tests  of  this  report  were  conducted  to  evaluate 
a number  of  modifications  designed  to  permit  operation  of  the  BAK-14  at  extreme 
J,qw  temperatures. "5  The  tests  consisted  of  100  functional  cycles  (raise-lower 
hook  cab leT,~T25  aircraft  tramples,  and  11  aircraft  arrestments  into  the  BAK-14 
configured  with  the  modifications.  The  modifications  tested  were  as  follows: 
four  changes  designed  to  reduce  damage  to  the  standard  support  block;  three 
restraint  reeves  designed  to  secure  the  hook  cable  to  the  support  blocks;  vari- 
ous changes  designed  to  improve  the  operation  and  adjustment  of  the  support-arm 
latch  mechanism;  a new-design  support-arm  latch  mechanism;  a support-arm  bumper 
spacer;  and  a reinforced  support  arm  designed  to  prevent  bending  of  the  stan- 
dard support  arm.  (Bending  was  not  anticipated  but  was  experienced  during  these 
tests.)  ^The  optimum  support- block  and  hook-cable-restraint  configuration  was 


selected  and  satisfactorily  tested. ^Operation  of  the  reinforced  support  arm 
configured  with  the  modified  latch  mechanism  was  satisfactory!^ The  new  design 


support-arm  latch  mechanism  was  unsatisfactory  due  to  excessive  lost  motion  in 
the  linkage  and  also!  to  installation  interference;  however,  this  modification 
is  worthy  of  additional  development.  Complete  redesign  of  the  support-arm 
latch  mechanism  is  recommended. 
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I INTRODUCTION 
A.  BACKGROUND 

1.  The  BAK-14  retractable  hook-cable  support  system  is  designed 
for  use  with  aircraft  arresting  systems  to  facilitate  military  and  civil 
aircraft  operations  on  Air  Force/Civil  joint-use  airfields.  The  system 
is  used  to  raise  the  hook  cable  of  the  arresting  restraint  system  above 
the  runway  surface  for  the  arrestment  of  hook-equipped  aircraft  and  to 
lower  and  retain  the  hook  cable  below  the  runway  surface  to  prevent  pos- 
sible interference  and  damage  to  aircraft  which  require  a clear  runway. 

2.  In  the  extreme  low-temperature  environment  of  the  Air  Force 
BAK-14  installation  located  at  Galena,  Alaska,  the  neoprene -rubber  hook- 
cable  support  blocks  of  the  BAK-14  are  frozen  hard  and  are  no  longer 
pliable.  As  a result,  installation  of  the  arresting-system  hook  cable 
into  the  retention  hole  of  the  support  block  requires  considerable  man- 
ual effort.  When  the  hook  cable  is  extracted  during  aircraft  arrest- 
ments, the  rubber  material  is  fractured  and  the  support-block  latch  actu- 
ating mechanism  and  the  air  cylinder  are  damaged.  Thus,  the  system  may 
be  disabled  and  temporarily  out  of  service  aa  the  result  of  damage  caused 
by  a single  arrestment. 

3.  The  test  program  requested  and  funded  by  reference  (a)  was 
conducted  at  the  NAVAIRTESTFAC  (Naval  Air  Test  Facility)  at  moderate  tem- 
perature conditions  from  11  December  1974  to  31  July  1975.  It  consisted 
of  A-4,  A-3,  A-7,  A-6 , and  C-2  aircraft  tramples  (trample  is  defined  as 
"to  traverse  a raised  and  tensioned  hook  cable");  and  A-4  and  A-3  air- 
craft arrestments  into  the  BAK-14  hook-cable  support  system  which  was 
installed  to  operate  in  conjunction  with  the  E-28  arresting  system.  The 
results  of  these  tests  are  presented  in  this  report. 

B.  TEST  OBJECTIVES:  The  overall  objective  of  this  test  program  was 

to  evaluate  the  modifications  designed  by  the  NAVAIRENGCEN  (Naval  Air 
Engineering  Center)  to  permit  full  operational  use  of  the  Air  Force  BAK-14 
arresting  system  installed  in  the  Galena,  Alaska,  low-temperature  environ- 
ment. The  modifications  and  changes  evaluated  were  as  follows: 

1.  Four  modifications  of  the  standard  support  blocks:  the 

vertical  slot,  and  the  90°,  120°,  and  180°  open-top  designs. 

2.  The  standard  and  two  nonstandard  hook-cable  restraint 
configurations. 

3.  The  interim  (modified  design)  latch  mechanism. 


Ref:  (a)  NAVAIRENCCEN  Project  Order  4-4052  of  29  Apr  1974:  BAK-14 

Arresting  Gear  Tests 


3 


4 The  final  (new  design)  latch  mechanism. 

5.  The  support-arm  down-stop  bumper  spacer. 

6.  The  reinforced  support  arm 

C.  PREVIOUS  TESTS 


1»  The  test  and  evaluation  of  several  retractable  hock-cable 
support  systems,  including  the  BAK-14  retractable  hook-cable  support 
prototype  design  (Thurstcn-Erlandsen  Corporation  hook-cable  support 
assembly)  and  the  early  EAK-14  retractable  hook-cable  support-system 
designs,  are  described  in  references  (b)  and  (c)  respectively 

2,  Reference  (d)  describes  the  extent  of  the  development  effort 
Which  preceded  the  reference  (e)  tests  in  which  the  Air  Force  acceptance 
requirement  for  the  BAK-14  ( 76  consecutive  successful  engagements) mis 
realized. 


3.  The  detrimental  effects  of  extreme  low  temperature  on  oper- 
ations of  the  BAK-14  are  described  in  reference  (f)» 

II  CONFIGURATION  AND  DESCRIPTION 

A.  GENERAL  DESCRIPTION 

1.  The  primary  elements  of  the  BAK-14  hook-cable  support  system 
are  the  rubber  blocks  which  support  and  restrain  the  hook  cable  of  the 
aircraft  arresting  system  approximately  3 inches  above  the  surface  of 
the  runway. 


2.  Each  support  block  is  mounted  on  a support  arm  contained  in  a 
covered  metal  box  inserted  in  the  runway.  A steel  trough  is  provided  in 


Ref:  (b)  NAVAIRT  E ST  FAC  Report  No.  NATF-EI-108  of  31  Aug  1964:  Evaluation 

of  Retractable  Pendant  Supports  for  the  Federal  Aviation  Agency 

(c)  Air  Force  Systems  Command,  Aeronautical  Systems  Division,  Tech- 
nical Report  No.  ASD-TR-69-9  of  Aug  1969:  BAK-14/F32  Retractable 

Cable  Support  System 

(d)  Air  Force  Systems  Command,  Air  Force  Flight  Test  Center,  Technical 

Report  No.  FTC-TR-72-41  of  Mar  1973:  Testing  of  the  BAK-14  Retract 

able  Cable  Support  System 

(e)  NAVA1RTESTFAC  Report  No.  NATF-EN-1128  of  22  Jan  1974:  Evaluation 

of  the  BAK-14  Retractable  Hook-Cable  Support  System 

(f)  NAV  AIRIEST  FAC  Report  No.  NATF-EN-1132  of  27  Aug  1974:  BAK-14  Re- 

tractable Hook-Cable  Support  System  Cold-Weather  Tests  at  Galena, 
Alaska 
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the  runway  to  accept  the  hook  cable.  Retraction  of  the  support  arm 
moves  the  support  blocks  down  Into  the  metal  boxes,  and  the  hook  cable 
into  the  metal  boxes  and  steel  trough.  Thus,  a flush  runway  surface 
Is  obtained  when  the  system  is  lowered. 

3.  Retraction  of  the  hook  cable  is  accomplished  by  means  of 
a pressurized  pneumatic  system.  The  hook  cable  is  raised  when  the 
system  air  pressure  is  vented  allowing  the  spring-loaded  support  arms 
to  rise.  Appropriate  switching  circuits  are  provided  so  that  the  air- 
field tower  and  the  BAK-14  operating  personnel  on  the  runway  may  con- 
trol the  position  of  the  hook  cable  in  the  up  or  down  position. 

4.  The  BAK-14  hook-cable  support  system  was  installed  at  the 
existing  Navy  E-28  arresting-system  installation  located  at  the  RALS 
(Runway  Arrested  Landing  Site).  It  consisted  of  seven  support-box 
assemblies  located  eight  feet  apart  on  the  hook-cable  trough  and  offset 
two  feet  to  the  right  of  the  runway  centerline  as  shown  in  Figure  1. 
Thus,  in  the  test  configuration,  the  arresting  svstem  supported  the  cen- 
ter 48-foot  portion  of  the  hook  cable  above  the  surface  of  the  200-foot- 
wide runway. 


RUNWAY 

CENTERLINE-*! 


FIGURE  I - SKETCH  OF  THE  BAK-14  RETRACTABLE  HOOK-CABLE  SUPPORT 

SYSTEM 
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B.  DETAILED  DESCRIPTION 


1 . SUPPORT-BOX  ASS EMBLY,  G&W  (Gulf  & Western ) PN  52-E-768  (see 
Figure  2 it  the  back  of  this  .eport):  This  assembly  contains  the  hook- 

cable  support  block,  the  support  arm  to  raise  and  lower  the  support  block, 
a torsion  spring  to  raise  the  arm,  a pneumatic  cylinder  to  lower  the  arm, 
a watertight  electrical  compartment,  a drain,  a heating  element  to  prevent 
freezing  during  cold  weather,  and  up  and  down  indicator  switches.  * e 
cover  of  th.  .upport  b...  tobrlctod  fro.  ono-looh-thirU  .«.!  pU «.  U 


cover  ot  cne  suppotu  uua,  a.^  *.  - - — ....  , r 

designed  to  withstand  landing-gear  loads;  limit  the  full  up  tr^e  ° 

b . c ♦-Ur*  m,nnnrt--K1nrk  rt 


aesienea  to  witnbidua  » - . - , 

the  support  arm;  and  serve  as  a bearing  surface  for  the  support-block  cam- 
plate  rollers  used  to  guide  the  pivot  motion  of  the  support  block.  Bump 
are  provided  at  both  travel  ends  of  the  support  arms  to  minimize  shock 
from  oscillations  of  the  support  arm  caused  by  aircraft  wheel  tramples  of 
the  hook  cable. 


a.  SUPPORT-BLOCK 
ASSEMBLY.  GW  PN  52-D-3247  (Fig- 
ure 3):  The  hook-cable  support- 

block  assembly  consists  of  a r.eo 


prene-rubber  block  that  is  molded 
with  a metal  frame  in  the  base, 
and  provided  with  a diagonal  slot 
in  the  top  for  insertion  and  re- 
moval of  the  hook  cable  from  the 
1-3/8-inch-diameter  retention  hole 
in  the  block  body.  A shaft,  in- 
serted through  the  frame  base  of 
the  block  and  through  the  support 
arm,  anchors  the  block  to  the  arm 
and  allows  the  block  to  pivot 
about  the  shaft.  The  cam-plate 
rollers  and  extension  springs 
which  guide  and  aid  in  the  pivot 
motion  are  attached  to  the  base. 

When  the  system  is  lowered,  the 
combined  pivoting  motion  of  the 
block  and  the  arm  results  in  an 
offset  distance  of  approximately 
4-5/8  inches  between  the  raised 
position  of  the  block  (3-inch 
nominal  hook-cable  clearance 
above  the  runway)  and  the  lowered 
position  of  the  block  (hook  cable 

in  the  trough)  (see  Figure  4).  The  metal  frame  base  of  the  block  is  also 
provided  with  a through  hole  to  accept  the  nylon  cord  required  to  retain 
the  hook  cable  in  the  blocks  during  cable  dynamics  caused  by  aircraft 
wheel  tramples. 


FIGURE  3 - 


SUPPORT  BLOCK  ASSEMBLY  - 
BAK-14 
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b.  SUPPORT  ARM,  G&W  PN  52-E-767  (see  Figure  2 at  back  of 
this  report):  The  support  arm  pivots  on  a shaft  and  swings  in  an  arc 

within  the  support  box.  To  lower  the  arm  from  the  raised  position, 
the  pusher  block  attached  to  the  air-cylinder  piston  rod  contacts  and 
applies  force  against  the  offset  yoke  and  swings  the  arm  down.  Simul- 
taneously, the  piston  rod  also  actuates  the  support-block  latches  by 
means  of  a wire-rope  pivot-link  arrangement  which  releases  the  block 
from  the  raised  position  and  allows  it  to  pivot  down.  Release  of  air 
pressure  permits  the  torsion  springs  to  rotate  the  support  arm  and 
place  the  support  block  in  the  raised  position  where  it  is  automati- 
cally locked  by  the  spring-loaded  li-tches.  Bearings  on  the  support- 
arm  pivot  shaft  facilitate  movement  of  the  arm  under  load.  A 5/8-inch- 
thick  steel  spacer  was  installed  beneath  the  down-stop  bumper,  G&W  PN 
52-B-6189,  to  decrease  and  standardize  the  distance  the  test  config- 
uration support  arms  swing  down  within  the  support-box  assembly.  The 
addition  of  the  spacer  was  a convenient  method  of  compensating  for  the 
lack  of  the  standard  tip  or  striker  pad  on  the  test-configuration  sup- 
port arms  (Figures  5 and  2)  which  were  used  previously  during  the  tests 
of  references  (d)  and  (e) . 


. 
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c.  Also  contained  within  the  support  box  is  an  electrical 
junction  box,  sealed  with  watertight  gaskets,  which  serves  the  up/down 
indicating  switches  and  such  electrical  elements  and  thermostats  re- 
quired for  heater  operation. 

d-  A heated  drain  is  provided  in  the  bottom  of  the  sup- 
port box  to  avoid  the  accumulation  of  water.  A screen  prevents  un- 
desirable items  from  entering  the  drainage  system.  The  support-box 
drain  opening  is  connected  to  the  cross-runway  drain  which  discharges 
into  the  runway-drainage-ditch  system. 

2,  HOOK-CABLE  TROUGH,  G&W  PN  52-D-2616:  The  steel  trough 

provides  a protective  recess  in  the  runway  surface  for  retraction  of 
the  hook  cable  It  also  provides  a space  for  routing  the  compressed- 
air  supply  line  and  heater  elements  beneath  the  trough  cover  on  which 
the  retracted  hook  cable  rests.  The  trough  is  located  90°  to  the  run- 
way centerline  and  is  aligned  with  the  tape-payout  side  of  the  arrest- 
ing-system deck  sheaves.  Individual  trough  sections  are  installed 
between  the  support  boxes  and  in  a 24-foot  series  arrangement  to  each 
runway  edge  called  the  end  trough. 

3,  PNEUMATIC  SYSTEM 

a.  High-pressure  air  bottles  (3,000  psig) , located  in  a 
control  shed  on  one  side  of  the  runway,  supply  the  system  with  air 
through  a pressure  regulator  at  120  psig  maximum  working  pressure. 

When  electrically  actuated,  the  three-way  solenoid  valve  allows  the 
120-psig  air  to  enter  the  5/8- inch  supply  line,  located  in  the  bottom 
of  the  trough,  and  then  into  the  actuating  cylinders  in  the  support 
boxes.  These  cylinders  apply  a force  to  the  support  arms  which  in 
turn  lower  the  hook  cable  into  the  trough.  The  hook  cable  will  remain 
down  as  long  as  the  air  cylinders  are  sufficiently  pressurized, 

fc.  The  hook  cable  is  raised  when  the  3-way  solenoid  valve 
is  de-energized  or  if  the  electric  power  fails.  In  either  case,  the 
3-way  solenoid  valve  shuts  off  the  air  supply  and,  in  conjunction  with 
the  quick-exhaust  valve  located  in  the  near-side  hand  hole  at  the  run-  . 
way  edge,  vents  the  compressed  air  to  the  atmosphere.  In  the  event  of 
the  loss  of  either  air  pressure  or  electrical  power,  the  torsion  springs 
automatically  raise  the  supports  and  hook  cable;  thus  the  system  is 
fail-safe  in  the  up  position,  . 

c.  Manual  operation  of  the  system  is  possible  by  means  of 
the  manual  override  feature  of  the  3-way  solenoid  valve.  In  the  event 
of  an  electrical  prwe-  failure,  this  feature  may  be  used  to  operate 
the  system. 
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4.  ELECTRICAL  CONTROL  SYSTEM;  The  BAK-14  controls  operate  on 
115-volt  alternating  current,  single  phase,  60  Hertz  poyer  supply.  The 
master  control  is  located  In  the  airfield  tower  and  the  portable  control, 
at  the  control  shed  on  one  side  of  the  runway.  Either  control  may  be 
used  to  operate  the  system.  The  control  cables  are  shielded  to  prevent 
malfunctions  which  can  be  caused  by  stray  current  and  interference  fields. 
All  control-panel  lights  have  the  push-to-test  feature, 

a-  Only  the  tower  master  control  is  provided  with  a selector 
switch  by  which  the  tower  or  the  runway  portable  control  may  be  activated 
for  control  of  the  system  The  master  control  also  has  a red  light  to  in- 
dicate that  the  portable  control  is  activated;  a switch  to  raise  and  lower 
the  hook  cable;  and  lights  to  indicate  that  the  hook  cable  is  up  or  down. 

bo  The  portable  control  is  installed  on  the  end  of  a shielded 
extension  cable  which  is  grounded  through  the  disconnect  fitting  in  the 
control  shed.  This  feature  allows  the  BAK-14  operator  to  control  (with 
tower  permission)  and  observe  the  system  operation  at  the  runway  edge  or 
to  remove  the  portable  control  from  the  system  with  no  effect  on  tower 
control.  The  portable  control  has  a green  light  to  indicate  its  activa- 
tion by  the  tower;  a switch  to  raise  and  lower  the  hook  cable;  and  lights 
to  indicate  that  the  hook  cable  is  up  or  down. 

c.  The  raise  and  retract  functions  of  both  controls  are  mon- 
itored by  mercury-type  limit  switches,  installed  on  each  support  arm  to 
indicate  whether  the  arm  is  up  or  down.  The  switches  are  in  series  with 
the  system  UP/DOWN  position- indicator  light  circuit,  so  failure  in  any  one 
support  box  will  prevent  the  hook-cable  position  light  on  the  control  from 
lighting.  Such  failure  can  be  either  mechanical  or  electrical,  or  can  be 
a switch  malfunction.  To  avoid  checking  a multitude  of  possibilities  on 
the  runway,  a continuity  check  circuit  is  provided  in  the  control  shed  and 
permits  locating  the  faulty  switch/support  box.  Thus,  only  one  support 
box  need  be  opened  to  correct  the  problem. 

5.  HEATER  SYSTEM:  A support-box  heater  was  provided  in  this  in- 

stallation, It  is  a mineral-insulated,  stainless-steel  sheathed-type  unit 
with  potted  leads  attached  to  a cold  section.  The  heater  is  located  near 
the  bottom  of  the  box,  surrounds  the  pneumatic  cylinder,  provides  direct 
contact  with  the  air  line,  and  is  capable  of  wet/dry  service.  The  unit  is 
easily  accessible  once  the  support  arm  has  been  rotated  up  out  of  the  way, 
and  it  can  be  taken  out  without  removing  the  pneumatic  cylinder  or  breaking 
the  air  line. 
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C.  DETAILED  DESCRIPTION  OF  MODIFICATIONS  TO  HOOK-CABLE  SUPPORT 
BLOCKS  

1.  MODIFIED  SUPPORT  BLOCKS:  The  modified  support  blocks 

(Figure  6)  were  designed  to  decrease  block  damage  when  the  supported 
hook  cable  is  extracted  during  aircraft  arrestments  at  extremely  low 
temperatures,  and  to  hold  the  restrained  hook  cable  in  the  support 
blocks  when  the  system  is  cycled  (raised  and  lowered) . The  modifica- 
tions consisted  of  the  removal  of  the  neoprene  rubber  from  the  top  of 
the  block  with  the  aid  of  a band  saw  to  reduce  block  grip  on  the  hook 
cable.  Support  blocks  were  fabricated  incorporating  four  modifica- 
tions in  which  the  hook— cable  openings  on  the  blocks  were  progressively 
increased  from  a vertical  slot  to  a wide-open  flat  top. 


•»  • L VLL‘  i I ?<Ci!  X 
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FIGURE  6 - MODIFICATIONS  OF  THE  STANDARD 
SUPPORT  BLOCK 


The  most  desirable  modification  would  be  the  support  block  with  the  widest- 
angle  open  top  that  retains  the  hook  cable  during  aircraft  tramples  and 
functional-cycle  operation  of  the  system  when  the  hook  cable  is  secured 
with  the  nylon  cord  restraint. 
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FIGURE  7 - THE  STANDARD  SINGLE-LOOP-REEVE,  THE  DUAL-LOOP-REEVE, 
AND  THE  CROSS-LOOP-REEVE  RESTRAINTS 


2.  HOOK-CABLE  RESTRAINTS  (Figure  7):  The  nylon  cords  used  to 

restrain  the  hook  cable  in  the  standard  support  block  are  reported  to 
elongate  and  loosen  when  they  become  wet  and  are  worn  by  chafing  action 
of  the  support  block,  the  hook  cable,  and  the  support-box  cover.  Because 
retention  of  the  hook  cable  in  the  modified  open-top  support  block  is  to- 
tally dependent  on  the  effectiveness  of  the  restraint,  the  development  of 
an  improved  configuration  was  undertaken.  The  material  used  to  fabricate 
the  restraints  was  7-foot  lengths  of  nylon  parachute  cord  (breaking  strength  - 
500  pounds)  1/8-inch  in  diameter;  either  uncoated,  or  coated  with  one  or  two 
coats  of  GACO  abrasive-resistant  paint.  The  coating  was  applied  by  dipping 
and  submerging  the  cord  in  the  paint  maintained  at  room  temperature.  All 
restraints  were  configured  with  the  doubled  nylon  cord  reeved  through  the 
anchor  hole  provided  in  the  base  of  the  support  block  and  then  around  the 
hook  cable  where  it  was  tied  with  a square  knot.  The  three  methods  of 
reeving  the  doubled  cord  around  the  hook  cable  and  upper  portion  of  the 
support  block  were:  the  standard  single-loop,  the  dual-loop,  and  the  cross- 
loop reeves. 
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3.  INTERIM  LATCH  MECHANISM  (see  Figure 8 at  the  back  of  this 

report) : The  interim  latch  mechanism  was  designed  to  provide  a timely 

and  effective  remedy  as  soon  as  possible  for  the  various  discrepancies 
encountered  with  the  standard  latch  mechanism  during  reference  (f ) . 

The  interim  latch -mechanism  design  consists  of  the  basic  standard  latch 
mechanism  modified  to  provide  additional  features  as  follows: 


a.  Latch  springs  with  tamper-proof  closed  anchor  loops 


b.  Latch-spring  anchor  clips  which  are  easily  handled 


without  tools 


c.  Pivot  shaft  brackets  securely  anchored  with  through  bolts 


d.  Improved  access  for  latch  adjustment 


FIGURE  9 - SUPPORT  ARM  WITH  FINAL  LATCH  MECHANISM  INSTALLED 
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5.  DOWN-STOP  BUMPER  SPACER;  A 5/8-inch-thick  spacer  was  placed 
beneath  the  down-stop  bumper  (G&W  PN  52-8-6189)  to  compensate  for  the 
lack  of  the  standard  striker  pad  in  the  test-configuration  support-arm 
design.  Additional  spacers  were  installed  in  1/2-inch  increments  up  to 
a total  thickness  of  2-1/8  inches  to  prevent  interference  damage  between 
the  pivot  assembly  and  air  cylinder  caused  by  bending  of  the  support  arm. 
Spacer  elements  were  fabricated  from  1/8- inch -thick  mild  steel  plate  ac- 
cording to  the  dimensions  of  the  down-stop  bumper. 

6.  REINFORCED  SUPPORT  ARM  (Figure  11);  The  reinforced  support 
arm  was  designed  to  prevent  bending  of  the  rectangular  tubing  of  the 
test- configuration  support  arm  (identical  to  the  standard  support-arm 
tubing)  by  aircraft  and  trample  loads.  The  reinforcement  consisted  of 
3/16-inch-thick  mild  steel  plate  welded  to  the  top  and  bottom  surfaces 
of  the  rectangular  tubing  of  the  support  arm. 

£v*. 


FIGURE  11  - REINFORCED  SUPPORT  ARM 
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D.  E-28  ARRESTING  SYSTEM:  The  BAK-14  retractable  hook-cable  sup- 

port system  was  used  In  conjunction  with  the  E— 28  arresting  system 
located  at  Station  60  + 53  of  the  12,000-foot-long  by  200-foot-wide  runway. 
The  arresting  systepa  was  configured  as  follows! 


1.  Arresting-sheave  span  - 225  feet. 


2.  Purchase  element  - uncoated  nylon,  NAEC  PN  510534-8-920SP, 
920  feet  long  X 8 inches  wide  X 0.35  inch  thick. 

3.  Hook  cable  - nonrotating  wire  rope,  NAEC  PN  515053-190-0, 
190  feet  long  X 1-1/4  inches  diameter. 

4.  Pressure  roller  - spring  actuated,  NAEC  PN  08807. 

5.  Absorber  fluid  - 60%  ethylene  glycol  (rust  inhibited) /40X 
water  solution. 

E.  AIRCRAFT;  During  these  tests,  the  BAK-14  was  subjected  to 
tramples  and  arrestments  of  operational  aircraft  as  follows: 


Test  Aircraft 


Type 

Maximum  Short-Field 
Landing  Weight  (Lb) 
(Reference  (g)) 

Main  Wheel 
Span  (Ft) 

A- 3 

50,000 

10.4 

A-4 

14,500 

7.8 

A-6 

36,000 

11.0 

A- 7 

25,300 

9.5 

C-2 

46,000 

19.5 

Aircraft  actual  gross  weights  and  store  configurations  were  presumed 
not  to  have  a significant  bearing  on  results  of  these  tests  and,  there- 
fore, were  not  recorded.  Aircraft  tire  pressures  were  maintained  as 
specified  for  shipboard  operation. 

Ill  TEST  PROGRAM 


A.  DYNAMIC  TESTS:  The  hook  cable  of  the  E-28  arresting  gear  was 

installed  on  the  seven  support  blocks  of  the  BAK-14  test  configuration; 
secured  to  each  support  block  with  a nylon-cord  restraint;  and  subjected 
to  aircraft  tramples,  arrestments,  and  functional  cycles  (raise-lower 
supported  hook  cable)  which  are  described  on  the  following  page. 


Rif!  (g)  Aircraft  Recovery  Bulletin  No.  46-12F  of  18  Mar  1974  for 
E-28  Arresting  Gear  (Span  225  to  425  feet) 
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1.  Aircraft  tramples  and  arrestments  were  conducted  at  the  nom- 
inal ON-CENTER  engaging  position  on  runway  heading  300°  into  the  BAK-14 
with  support-box  assemblies  located  on  the  upstream  side  of  the  hook-cable 
trough.  Landing  roll-in  and  touch-and-go  roll-in  approach  methods  were 
used  f ^ r the  tramples.  The  taxi  roll-in  approach  method  was  used  for  the 
arrestments. 


2.  The  BAK-14  was  configured  initially  with  support-block  modifi- 
cation No.  1 and  subjected  to  a series  of  aircraft  tramples  followed  by 
25  consecutive  functional  cycles  of  the  system.  Because  of  inspection  and 
repair  requirements,  which  required  removal  of  the  hook  cable  from  the  sup- 
port blocks  after  trample  tests,  all  the  cycle  tests  were  completed  under 
ideal  conditions  with  newly  tied  and  tight  hook-cable  restraints.  This 
procedure  was  repeated  in  sequence  with  support-block  modifications  2 3 

and  4.  ' * 


3.  After  completion  of  the  trample  and  cycle  tests,  the  optimum 
configuration,  namely,  support  block  modification  No.  4,  was  selected  and 
tested  with  11  arrestments. 


4.  The  support-box  assemblies  were  externally  inspected  after 
each  aircraft  test  and  internally  inspected  after  each  series  of  aircraft 
tests. 


B.  INSTRUMENTATION:  Aircraft  trample  and  engaging  speeds  were  mea- 

sured by  means  of  wire  coils  imbedded  in  the  runway  surface. 

C.  PHOTOGRAPHIC  COVERAGE:  A 16-mm  high-speed  motion  picture  cam- 

era with  a fixed— ground  base  and  a film  speed  of  500  frames  per  second 
was  used  to  monitor  the  BAK-14  support  blocks,  the  restraints,  and  the 
hook  cable.  The  camera  was  located  behind  the  E-28  arresting  sheave  on 
the  south  side  of  the  runway  approximately  in  line  with  the  battery  po- 
sition of  the  hook  cable.  A Speed  Graphic  camera  was  used  to  take  still 
photographs  of  equipment  and  equipment  failures. 

D*  TEST  LIMITS:  The  trample  and  engaging-speed  limit  of  125  knots 

was  deliberately  exceeded  during  11  tramples  to  determine  the  effect  of 
high  speeds  (127  to  154  knots)  on  the  reinforced  support  arms. 

IV  TEST  RESULTS  AND  DISCUSSION 

A.  TEST  SUMMARY 


1.  During  this  test  program,  a total  of  125  aircraft  tramples 
and  11  aircraft  arrestments  was  conducted  into  the  BAK-14  retractable 
hook-cable  support  system.  The  data  for  each  test  event  are  tabulated 
in  Appendix  A.  The  aircraft  utilized  for  the  tests  are  listed  on  the 
following  page. 
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Aircraft 


Speed  Range 

Number 

of  Events 

Type  (Kn)  Tramples 

Arrestments 

: 

A- 3 42  - 112 

34 

1 

i 

1 

A- 4 61  - 154 

52 

10 

1 | 

A-6  63  - 120 

13 

0 

A-7  62  - 96 

25 

0 

I 

I 

C-2  83 

1 

0 

2.  The  BAK-14  supported  hook  cable  was 

functionally  cycled  25 

times  with  each  of  four  support-block  modifications. 

1 

3o  The  various  BAK-14  modifications  were  subjected  to  aircraft 

tramples  and  arrestments  as  follows: 

Figure 

Number  of  Events 

BAK-14  Modification 

No. 

Tramples  Arrestments 

Support  block  No.  1 

6 

64 

0 

Support  block  No.  2 

6 

13 

0 

Support  block  No.  3 

6 

12 

0 

« - 2 

Support  block  No.  4 

6 

30 

n 

Standard  support  block 

3 

6 

0 

Standard  single-loop -reeve  restraint 

7 

18 

0 

Dual-loop -reeve  restraint 

7 

30 

0 

Cross-loop— reeve  restraint 

7 

77 

11 

Interim  latch  mechanism 

8 

125 

11 

Final  latch  mechanism 

9 

0 

0 

Down-stop  bumper  spacer  (0  inch) 

- 

59 

0 

" " " 15/8  inch) 

- 

35 

11 

» " " (1-1/8  inches) 

- 

12 

0 

" " " (1-5/8  inches) 

- 

9 

0 

" " " (2-1/8  inches) 

- 

10 

0 

Reinforced  support  arm 


10 


12 
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B.  AIRCRAFT  TRAMPLES:  The  major  portion  of  the  testing  consisted 

of  125  nominal  ON-CENTER  aircraft  tramples  at  engaging  speeds  of  42  to 
154  knots  into  the  BAK-14  system  configured  with  modified  open-top  sup- 
port blocks  tied  to  the  hook  cable  with  nylon-cord  restraints. 

1.  Hook-cable  dynamics  produced  by  aircraft  tramples  were  not 
significantly  influenced  by  the  modified  open-top  support  blocks  and  the 
nylon  parachute-cord  restraints  even  though  the  hook  cable  was  not  re- 
strained as  tightly  as  with  the  standard  closed-top  support-block  con- 
figuration. The  inherent  elasticity  of  the  nylon-cord  restraint  allowed 
the  hook  cable  to  lift  within  the  supports  and  transmit  a portion  of  the 
cable  upward  motion  to  the  adjacent  cable-support  span.  The  character- 
istic feature  of  the  standard  BAK-14  hook-cable  support  system  is  the 
ability  of  the  support  blocks  to  almost  totally  reflect  and  thereby 
isolate  cable  oscillations  between  each  support  span. 

2. -  The  most  frequently  damaged  components  of  the  BAK-14  system 
were  contained  in  runway  support  boxes  2,  3,  4,  and  5 (3ee  Figure  1) 
which  are  located  near  the  runway  centerline.  The  support  blocks  at 
these  locations  sustained  the  highest  number  of  aircraft  tire  impacts 
and  near  impacts  which  severely  damaged  the  support  mechanisms  within 
the  boxes.  Damage  to  support  mechanisms  within  boxes  1,  6,  and  7 by 
comparison  was  negligible. 

C.  AIRCRAFT  ARRESTMENTS;  These  tests  consisted  of  10  ON-CENTER 
arrestments  of  the  A-4  aircraft  at  engaging  speeds  of  104  to  134  knots 
and  one  ON-CENTER  arrestment  of  the  A-3  aircraft  at  an  engaging  speed 
of  51  knots  into  the  BAK-14  system  configured  with  support-block  modi- 
fication No.  4 tie4  to  the  hook  cable  with  the  cross- loop-reeve  nylon- 
cord  restraints. 

1.  All  attempts  to  engage  the  hook  cable  were  successful;  no 
bolters  occurred.  High-speed  motion-picture  coverage  indicates  that 
each  restraint  is  stretched  and  remains  intact  up  to  and  shortly  after 
extraction  of  the  hook  cable  from  the  support  block. 

2.  The  motion-picture  coverage  also  indicates  that  support- 
block  modification  No.  4 was  deflected  forward  by  extraction  of  the 
hook  cable.  The  maximum  deflection  angle  of  the  supports  was  at  least 
forty-five  degrees.  The  maximum-possible  deflection  angle  of  ninety 
degrees  was  reached  with  the  standard  closed-top  support  block  as  in- 
dicated by  motion-picture  coverage  and  support  impact  marks  on  the  deck. 

D.  FUNCTIONAL  CYCLE  TESTS:  The  BAK-14  supported  hook  cable 

was  cycled  satisfactorily  25  times  in  succession  with  each  set  of  modi- 
fied support  blocks.  The  hook  cable  was  secured  to  the  support  block 
with  the  newly-tied  cross-loop  reeve  restraints  before  each  of  the  four 
cycle  tests. 


18 


NATF-EN-1135 


1.  Restraints  were  slightly  loosened  and  square  knots  were 
tightened  by  the  hook-cable  cycling. 

2.  No  indication  of  restraint  wear  or  damage  was  found. 

E.  AIRCRAFT:  Aircraft  sustained  no  damage  during  the  testing. 

SUPPORT  BLOCKS:  The  four  support-block  modifications  and  the 

standard  support  block  were  subjected  to  136  aircraft  tramples  and 
arrestments  and  100  functional  cycles  (see  paragraph  IVA3)  when  in- 
stalled  in  the  BAK-14  hook-cable  support  system. 

1.  When  tied  with  the  cross-loop-reeve  restraints,  the  hook 
cable  was  retained  in  the  modified  and  the  standard  support  blocks 
after  completion  of  every  aircraft  trample  and  the  functional  cycle 
operation  of  the  system.  As  stated  in  paragraph  IIIA3,  support-block 
modification  No.  4 was  selected  as  the  optimum  configuration. 

2.  Aircraft  tramples  of  the  hook  cable,  which  was  installed 
in  modified  open  support  blocks  with  dual -loop-reeve  restraints, 
produced  cable-dynamic  characteristics  similar  to  those  obtained’ 
with  plastic -rail  or  tire -section  supports  when  the  restraints  were 
stretched  or  loosened. 

3.  The  most  effective  restraint  of  the  hook  cable  was  pro- 
vided by  the  standard  closed-top  support  block  tied  with  the  cross- 
loop-reeve  restraint. 

4.  During  the  testing,  three  support  blocks  were  sheared  off 
at  the  base;  two,  by  hook  impacts  of  non-project  aircraft  when  the  hook 
cable  was  not  installed  on  the  BAK-14  support  blocks  and  one,  by  ex- 
traction of  the  hook  cable  from  a previously-weakened  support  by  the 
arrested  A-4  aircraft.  No  damage  was  sustained  in  the  hook-cable  reten- 
tion area  of  the  support  blocks. 

HOOK- CABLE  RESTRAINTS:  The  three  hook-cable-restraint  reeve 

methods  tested  were  as  follows:  The  standard  single  loop  - 18  tramples; 

the  dual  loop  - 30  tramples;  and  the  cross  loop  - 77  tramples  and  11 
arrestments.  Each  reeve  method  was  evaluated  and  the  optimum  method  was 
selected  in  conjunction  with  the  testing  of  support-block  modification 
No.  1.  The  optimum  was  found  to  be  the  cross-loop  reeve.  Support  block 
modifications  No.  2,  3,  and  4 and  the  standard  support  block  were  then 
tested  with  the  cross-loop-reeve  configuration.  Uncoated  and  GACO-coated 
nylon-cord  restraints  were  also  evaluated. 
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1.  STANDARD  SINGLE-LOOP- 
REEVE  RESTRAINT  (Figure  12);  The 
axial  movement  of  the  hook  cable 
caused  by  the  aircraft  trample 
shifted  the  looped  cord  away  from 
the  side  of  the  support  block. 

The  extended  loop  was  then  exposed 
to  chafing  contact  against  the 
support-box  cover  when  the  support 
arm  was  depressed  by  the  aircraft 
trample.  Seven  single-loop -reeve 
restraints  failed  or  were  damaged 
in  this  manner  during  the  18  air- 
craft tramples. 

2.  DUAL-LOOP-REEVE 

RESTRAINT  (Figure  13):  Two  fail- 

ures occurred  during  completion 
of  30  aircraft  tramples  with  the 
dual-loop- reeve  restraint;  namely, 
a failure  of  the  restraint  cord, 
and  a failure  to  retain  the  hook 
cable  in  the  modified  open-top 
support  block  although  the  re- 
straint was  still  intact.  Both 
failures  may  have  been  caused  by 
the  decreased  strength  and  the 
increased  elasticity  of  the  dual- 
loop reeve  which  divides  the  hook- 
cable  restraint  load  among  four 
cords  compared  to  eight  cords  in 
the  standard  single-loop  reeve  and 
the  cross-loop  reeve. 

3.  CROSS-LOOP-REEVE  RESTRAINT 

(Figure  14) : The  cross-loop-reeve  re- 

straint was  not  shifted  out  of  position 
by  the  axial  movement  of  the  hook  cable 
as  was  the  standard  single-loop-reeve 
restraint.  It,  therefore,  was  not  sub- 
ject to  chafing  by  the  support-box 
cover.  By  comparison,  only  minor  chaf- 
ing damage  was  experienced  during  the 
completion  of  77  aircraft  tramples  with 
this  restraint  configuration.  High- 
speed motion-picture  coverage  indicates 
that  the  most  effective  restraint  and 
retention  of  the  hook  cable  was  provided 
by  the  cross-loop  reeve. 


FIGURE  12  - CHAFED  COATED  RESTRAINT 
WITH  THE  STANDARD 
SINGLE-LOOP  REEVE 


FIGURE  13  - DUAL-LOOP-REEVE  RESTRAINT 
SHIFTED  OUT  OF  POSITION 


FIGURE  14  - CROSS-LOOP-REEVE  RESTRAINT 
AFTER  ELEVEN  TRAMPLES 
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4.  GACO-COATED  RESTRAINTS:  Analysis  of  the  limited  quantity 

of  restraint-failure  data  available  indicates  that  the  standard  single- 
loop reeve  and  the  dual-loop  reeve  resulted  in  the  largest  number  of 
restraint  discrepancies  regardless  of  whether  or  not  GACO  coating  was 
applied  to  the  restraint.  The  superiority  of  the  cross-loop-reeve  and 
the  GACO-coated  restraints  is  indicated  by  the  minimum  number  and  nature 
of  the  discrepancies  obtained  with  this  combination.  The  restraint  fail- 
ure data  is  summarized  in  the  table  below. 


No.  of 
T ramples 


Restraint 

Configuration 

No.  of 
Coats 

Type  of 

Reeve  GACO 


Number  and  Type  of  Failures 


Cable 

Restraint Out  of 

Loose  Chafed  Broken  Block** 


7 Standard 


0 0 1 


2 


1 


11 

Standard 

2 

1 

2 

2 

14 

Dual-loop 

0 

2 

2 

0 

16 

Dual-loop 

2 

1 

0 

1 

47 

Cross-loop 

0 

0 

4* 

0 

12 

Cross-loop 

1 

0 

0 

0 

18 

Cross-loop 

2 

0 

0 

0 

* 1 recorded 

**  Restraint 

, 3 additional 
intact . 

estimated. 

1 

0 

1 

0 

0 

0 


The  coated  restraints  appeared  less  elastic  and  retained  the  square  knot 
more  securely  than  uncoated  restraints.  The  coating  stiffened  the  nylon 
parachute  cord  so  that  it  could  be  installed  in  the  hole  provided  in  the 
base  of  the  support  block  without  the  aid  of  a wire  hook. 


During  fabrication  of  the  coated  restraints  by  the  dip-coating  method, 
the  outer  sleeve  of  the  nylon  parachute  cord  was  saturated  and  there 
was  partial  penetration  of  the  GACO  abrasive-resistant  paint  to  the 
inner  strands.  When  the  procedure  was  repeated  after  the  first  coat 
was  dry,  the  second  dipping  resulted  in  a thick  surface  coat  which 
further  decreased  the  flexibility  of  the  restraint. 


The  nylon-cord  restraints,  when  covered  and  saturated  with  a single 
coat  of  GACO  paint,  possess  adequate  stiffness  for  ease  of  installa- 
tion and  provide  protection  against  the  deterimental  effects  of  chaf- 
ing, elongation  due  to  moisture,  and  deterioration  caused  by  sunlight. 
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H.  BLL^  MFCHANISM  (re  TSff  (sef  ngureaif  for1hei8136 
were  installed  in  runway  support  tests  of  the  BAK-14  system, 

aircraft  tests  and  the  100  cycle  f springs,  latch-spring  anchor 

No  problems  were  encountered  wit  operation  of  the  improved- 

clips,  pivot-shaft  bracket  anchors,  or  ^^^tallaUon  problems  were  en- 

access  latch  adjustment.  nt“  v^NAEC  PN  517049,  and  the  modified  pivot 
countered  with  the  pivot  assembly,  NAEC  PN  bl/u^,  an 

assembly  (Figure  15)  as  follows: 

1.  The  bottom  portion  of  each  pivot 
head  retaining  screw  located  near  the  top  of  the  air  cylin 
support  arm  was  depressed  during  aircraft  tramples. 

a The  heavy- to- light  interference  of  the  pivot  assembly 
7 a * t-n  the  air-cvlinder  pivot- assemb Ly  shaft, 

o£  ^ 

S^Ir^coSura^ 

126. 

T.  interference  was  eliminated  during  events  127  through 
136  after  insolation  of  an 

llTet  ‘ ap“;eryT/2etincrofaCeach  block  protruded  above  the  surface  of 
the  runway  when  the  system  was  lowered. 

2.  Installation  of  the  plvot-ass^ly  nut  "ifcSbnm 

3 fho2rVu  “^-11  “ite  of  the  note. 


PIVOT-ASSEMBLY  LATCH  (NAEC  PN  517049) 


7/16  IN.  X 45*  CHAMFER 
EACH  CORNER 

MODIFIED  PIVOT- ASSEMBLY  LATCH 

cTHior  in  SKETCH  OF  THE  PIVOT -ASSEMBLY  LATCH  AND 
FIGURE  15  SK™|^i^|d  plv0T-ASSEHBLY  LATCH 
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I.  FINAL  LATCH  MECHANISM  (see  Figure  9):  The  final  latch  mechanism 

was  initially  assembled  for  a functional  checkout  in  the  shop  on  a rein- 
forced support  arm.  It  was  found  that  maximum  axial  movement  of  the 
forked  rod  did  not  sufficiently  actuate  the  latches  due  to  excessive 
lost  motion  of  the  latch-drive  pins.  Installation  of  the  assembled  latch- 
mechanism  support-arm  into  runway  support  box  No.  3 was  prevented  by  in- 
terference of  the  end  of  the  forked  rod  with  the  pusher  block  on  the  air- 
cylinder  piston  rod.  For  these  reasons,  the  final  latch  mechanism  was 
not  tested  in  the  BAK-14  system. 

J.  DOWN-STOP  BUMPER  SPACERS;  During  inspection  and  repair  of 
damage  caused  by  pivot-assembly  interference  with  the  air  cylinder  after 
event  59  (Appendix  A) , it  was  discovered  that  1)  the  test  configuration 
support  arms  did  not  have  the  standard  striker  pad  (see  paragraph  IIC5) 
and  2)  the  rectangular  tubing  of  the  support  arms  located  in  runway  sup- 
port boxes  2,  3,  4,  and  5 (Figure  1)  was  slightly  bent.  Because  consid- 
erable additional  testing  was  planned,  it  was  decided  to  compensate  for 
the  lack  of  the  standard  striker  pad  by  the  addition  of  a 5/8-inch  spacer 
beneath  the  down-stop  bumper s and  to  add  more  spacers  if  the  interference 
damage  caused  by  support-arm  bending  continued.  Support-arm  bending  and 
interference  damage  continued  when  testing  was  resumed  despite  installa- 
tion of  down-stop  bumper  spacers  of  5/8,  1-1/8,  and  2-1/8  inch(es)  during 
events  60  through  114.  High-speed  motion-picture  coverage  failed  to  show 
any  difference  between  the  downswing  travel  of  the  support  arms  config- 
ured with  standard  closed-top  or  modified  open-top  support  blocks.  After 
event  114,  the  remainder  of  the  testing  was  completed  with  reinforced 
support  arms  installed  in  runway  support  box  locations  2,  3,  4,  and  5 
with  5/8-  or  1-1/8-inch  down-stop  bumper  spacers. 

" K.  REINFORCED  SUPPORT  ARM  (see  Figure  11):  The  reinforced  support 

arms  were  deliberately  exposed  to  a series  of  12  high-speed  tramples  with 
the  A- 4 aircraft  at  speeds  of  88  to  154  knots  and  10  arrestments  of  the 
A-4  aircraft  at  engaging  speeds  of  96  to  134  knots.  Inspection  of  the 
reinforced  support  arms  after  completion  of  the  aircraft  tests  disclose 
no  bending  or  impact  damage. 

L.  TEST  CONFIGURATION  SUPPORT  ARM  (see  Figure  5);  The  test  config- 
uration support  arms  were  exposed  to  a total  of  136  aircraft  tests  in 
runway  support-box  locations  1,  6,  and  7,  and  to  114  aircraft  tests  in 
locations  2,  3,  4,  and  5.  Support-arm  bending  caused  by  high  inertial 
loads  developed  in  the  torsion  spring-loaded  support  arm  from  impact  of 
the  aircraft  tire  was  the  most  serious  problem  encountered  during  the 
tests  The  principal  effect  of  the  bending  was  to  disable  the  latch- 
actuating  mechanism  and  air  cylinder  by  causing  interference  between  the 
pivot  assembly  and  air  cylinder.  The  permanent  bend  damage  is  probably 
the  result  of  metal  fatigue  which  was  first  detected  after  event  59. 

The  physically  identical  group  of  support  arms  used  in  these  tests  was 
previously  exposed  to  approximately  302  aircraft  tests  (references  (d) 
and  (e) ) . 
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M.  PUSHER  BLOCK.  GiW  PN  52-B-6198:  The  pusher  block,  ™ 

»nt\  of  the  air  cylinder  piston  rod  in  support  boxes  4 and  5,  was  twist 
Zt  of  rotational  alignment  with  the  support-arm  offset  yoke  after  events 
104  respectively.  In  both  cases,  the  latch-actuating  mechanism 
was  disabled  when  the  latch  cable  assembly  and  the  cable  anchor  faile  . 

M IATPH  SHOULDER  SCRFU.  G&W  PN  52-E-768-34:  The  shoulder  screws 

which’  f as ten^and^ guide  the  moment  of  ~ 

thatches  to  function  erratically  and  to  jam.  Each  screw  was  bent  in 
the  thread-shoulder  transition  area.  When  new  shoulder  screws  were  p 
cured  and  installed,  no  further  problems  were  experienced. 

o cm  FHnTn-OPERftTEO  VALVE  ASSEMBLY , GM  PN  52-0-2649:  The  solenoid- 

operated  valve  which  1.  normally  used 

system  was  not  used  during  this  test.  Air  leakage  ana  err  v 

were  not  eliminated  even  “.“of  reference  (e) 

Shop.  The  valve  functioned  satisfactorily  during  the^t  ^ ^ 

Z\Zl  - . —ally-actuated  dual- 

valve  arrangement  was  installed.  „ 
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V CONCLUSIONS 

A.  Normal  BAK-14  cable  dynamics  caused  by  aircraft  trample  were  not 
significantly  altered  even  though  the  restrained  hook  cable  has  greater 
freedom  in  the  modified  open-top  support  block.  (Paragraph  IVB1) 

B.  Aircraft  trample  damage  to  support  mechanisms  was  confined  almost 
totally  to  support  boxes  at  or  adjacent  to  the  impact  position  of  the 
aircraft  tire.  (Paragraph  IVB2) 

C.  Aircraft  were  not  damaged  during  the  tests.  (Paragraph  IVE) 

D.  The  deflection  of  the  optimum  open-top  support  block  (modifica- 
tion No.  4)  was  less  than  that  of  the  standard  support  block  during 
arrestment  extraction  of  the  hook  cable  but  was  greater  than  expected 
and  may  be  indicative  of  support-block  base-separation  damage  at  ex- 

! tremely  lev  temperatures.  (Paragraph  IVC2) 

E.  The  hook  cable  was  satisfactorily  restrained  and  retained  in 
support  block  modification  No.  4 when  tied  with  the  cross-loop-reeve 
restraint.  (Paragraph  IVD,  IVF1) 

F.  The  best  restraint  configuration  was  provided  by  the  cross-loop 
reeved  nylon  parachute  cord  covered  and  saturated  with  one  coat  of  GACO 
abrasive-resistant  paint.  (Paragraph  IVG4) 


; * 
i * 


f 

I 

$ ** 


G.  The  operation  of  the  interim  latch  mechanism  was  satisfactory 
when  the  system  was  configured  with  the  reinforced  test-configuration 
support  arm,  and  the  1-1/8-inch  spacer  (equivalent  to  1/2-inch  spacer 
with  standard  support  arm)  beneath  the  down-stop  bumper.  However,  when 
the  system  is  retracted,  a l/2-inch  portion  of  the  support  block  re- 
mains above  the  runway  surface.  (Paragraph  IVHlc) 

H.  The  attachment  design  of  the  interim  latch-mechanism  pivot- 
assembly  nut  plate  is  unsatisfactory  because  of  the  poor  accessibil- 
ity of  the  nut  plate  and  the  small  size  of  the  nut,  PN  MS-21044-6. 
(Paragraph  IVH2) 

I.  The  operation  and  condition  of  the  reinforced  support-arm  were 
satisfactory  after  22  aircraft  tests.  (Paragraph  IVK) 

J.  The  alignment  of  the  pusher  block  with  the  support  arm  offset 
yoke  was  not  maintained  during  the  tests.  (Paragraph  IVM) 

K.  The  design  of  the  latch  shoulder  screw  installation  is 
unsatisfactory.  (Paragraph  IVN) 

L.  The  solenoid-operated  valve  assembly  was  unsatisfactory. 
(Paragraph  IVO) 
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, , nf  (.up  final  latch  mechanism  has  potential 

a3 —■  ~ — 13  "nsat- 
isfactory  in  its  present  state.  (Paragraph  Ml 

VI  recommendations 

a install  reinforced  snpport  arms  in  all  runway  support  boxes  to 
insure  maximum  service  life  and  interchangeability. 

B.  install  and  evaluate  support-block  edification  ho.  A under  ex- 
tremely  low  temperature  conditions. 

. _„».*■  KinrW:  with  the  cross— loop— 

C.  Secure  the  hook  “bl^tort,e  supp^  ^ aaturated  ulth  one  coat 

reeve  nylon— parachute  cor 
of  Gaco  abrasive-resistant  paint. 

D.  Install  the  interim  latch  triHVinch  off  the 

1/2-inch  down-stop-bumper  space  . obtain  a flush  runway  sur- 

ir'^rtc^e^s^wSr^^  he  nut.  » — b.  during 
installation  of  the  pivot-assembly  nut  plate. 

E Design  a positive  guide  to  .aintain  the  rotational  alignment  of 
the  pusher  block  with  the  support-arm  offse 

F Redesign  the  latch  shoulder  screw  installation  so  that  only  the 
shoulder^portion  of  the  screw  is  loaded  in  shear. 

anH  larch-actuating  mechanism  based  on 
H.  Redesign  the  support  arm  and  latch  actuar  g 

the  results  and  experience  of  these  tests. 
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FIGURE  10  - FINAL  LATCH  MECHANISM  DESIGN 
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